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ABSTRACT

OBJECTIVE: To conduct a systematic review and meta-analysis to assess the prevalence of
various clinical symptoms and laboratory findings of COVID-19 in children.

METHODS: PubMed, MEDLINE, and SCOPUS databases were searched to include studies
conducted between January 1, 2020, and July 15, 2020 which reported data about clinical
characteristics and laboratory findingsin laboratory-confirmed diagnosis of COVID-19in
pediatric patients. Random effects meta-analysis using generalized linear mixed models was used

to estimate the pooled prevalence.

RESULTS: The most prevalent symptom of COVID-19 in children was 46.17% (95%CI 39.18-
53.33%), followed by cough (40.15%, 95%CI 34.56-46.02%). Less common symptoms were
found to be dyspnea, vomiting, nasal congestion/rhinorrhea, diarrhea, sore throat/pharyngeal
congestion, headache, and fatigue. The prevalence of asymptomatic children was 17.19%

(95%CI 11.02-25.82%).

The most prevalent laboratory findings in COVID-19 children were elevated Creatinine Kinase
(26.86%, 95%CI 16.15-41.19%) and neutropenia (25.76%, 95%Cl 13.96-42.58%). These were
followed by elevated LDH, thrombocytosis, lymphocytosis, neutrophilia, elevated D Dimer,
Elevated CRP, elevated ESR, leukocytosis, elevated AST and leukopenia. There was a low

prevalence of elevated ALT and lymphopeniain children with COVID- 19.

CONCLUSIONS AND RELEVANCE: This study provides estimates of the pooled prevalence

of various symptoms and laboratory findings of COVID-19 in the pediatric population.
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INTRODUCTION

The coronavirus disease of 2019 (COVID-19) caused by (SARS-CoV-2) was first case noted in
Wuhan, Chinain December 2019. It has been spreading globally since then and was declared a
pandemic by WHO on 11th March 2020. COVID-19 presents with a varied range of symptoms,
ranging from asymptomatic to severe symptoms like acute respiratory distress syndrome,
neurological and vascular involvement. It presents more severely in adults as compared with

children.(1)

Data reported from various studies showed that children who test positive for COVID-19
experience amild form of disease.(2-6) Children and younger adults without underlying lung or
immunosuppressive diseases, have amuch lower risk of having severe forms of COVID-19 than
other age groups.(7) We aim to study the prevalence of clinical characteristics and laboratory

findings in children with COVID-19 infection.

METHODS

SEARCH STRATEGY AND DATABASE

The Preferred Reporting Items for Systematic reviews and Meta-analyses (PRISMA) guidelines

were followed while conducting this systematic review and meta-analysis. (8) The protocol was
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pre-registered the International Prospective Register of Systematic Reviews (PROSPERO)

database (CRD42020184308).

We conducted an extensive literature search in MEDLINE via PubMed and Ovid Scopus to
collect al the relevant articles about clinical characteristics and laboratory findingsin COVID-19
positive children from January 1, 2020 to July 15, 2020. We used these search terms (“COVID-
19" or “SARS-CoV-2" or “2019 nCoV” or “nove coronavirus’) AND (“Pediatric” or “Children”
or “adolescent” or “teen” or “young’) AND (“clinical characteristic” or “Symptoms’ or

“Outcomes’ or “laboratory findings’ or “Lab’). We did not impose any language restriction.

INCLUSION AND EXCLUSION CRITERIA

We included the following observational studies: cohort, case-control, cross-sectional, and case
series that provided relevant data about clinical presentation in children and their laboratory
findings. The imposed age restriction of participants in these studies was of 18 years or younger.
Patients who had laboratory confirmed diagnosis of COVID-19 were included. We excluded
studies with a sample size of less than 5 and those which did not provide numerical information
about symptoms and laboratory findings of COVID-19 in children. The complete results from all
databases used for the review were imported into a unique EndNote library upon search

completion and 377 duplicated articles were removed.

DATA EXTRACTION AND QUALITY ASSESSMENT

After removal of duplicates, two independent reviewers (HA and GS) screened the titles and
abstracts of the retrieved research articles to only include studies fulfilling the inclusion criteria.

The eligibility of these articles was further assessed by evaluating the full text of search results
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according to eigibility criteria. The same reviewers (HK and GS) then independently extracted
the datainto excel sheets. The studies were then evaluated and cross-checked by athird reviewer
(RA). Any discrepancies were discussed until consensus was reached. Data extracted from the
studies included: author, date of publication, study design, sample size, study country, and
participant characteristics, including age (0-18yrs), sex, clinical symptoms, and laboratory

results.
ASSESMENT OF METHODOLOGICAL QUALITY

The methodological quality of included observational study was assessed independently by two
reviewers (HA and RA) according to the Strengthening the Reporting of Observational Studies
Epidemiology (STROBE) reporting guidedlines.(9) The concrete content included the definition
of the study design, objectives, €ligibility criteria, sample size, and assessment of outcomes. The
total score for assessment was 10. Studies with scores less than 4 were considered as poor-
quality studies, and between 4 and 8 were considered as intermediate-quality studies, and scores

more than 8 were considered as high-quality studies.
STATISTICAL ANALYSIS

To estimate the pooled prevalence of clinical symptoms and relevant laboratory findings in
COVID-19 positive children we performed random effects meta-analysis using R version 3.6.3
and the R package “meta’.(10) The pooled prevalence was estimated using generalized linear
mixed models with alogit link function and can be interpreted as the median prevalence across
studies. (11) Between-study heterogeneity was assessed by using Cochran Q test and 12
index.(12, 13) 1> values less than 25% were considered to represent low heterogeneity, 26% to

50% to represent moderate heterogeneity and more than 50% to represent greater heterogeneity.
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Publication bias was assessed qualitatively by visual ingpection of funnel plots and quantitatively

by Egger's regression asymmetry test.(10)

Univariate meta regression was used to explore whether sample size and sex of the children
explained the heterogeneity between the studies.(10) P-values < 0.05 were considered

statistically significant.

RESULTS

After initial screening of the database, 1027 articles were identified (Figure 1). Of the 1027
articles screened, 650 articles were selected after excluding duplicates. After reviewing thetitle
and abstract, 103 articles were selected for full-text assessment for eligibility according to the
inclusion criteria. Finally, 37 studieswith atotal of 668 children met the inclusion criteria. All of
the included studies were observational studies such as case series, cross-sectional and cohort
studies conducted between January 1, 2020 till July 15, 2020. Most of the studies were
conducted in China (89.1%) and enrolled 5 to 2135 participants with the average age ranging
from 1 yearsto 11 years (Table 1). Although not all included studies reported laboratory findings
(Table 2), most of the studies did report data on the clinical symptomatology. The number of
studies that reported various clinical symptomsis as follow: fever (36/37), cough (36/37),
asymptomatic status (35/37), diarrhea (19/37), nasal congestion/rhinorrhea (21/37), vomiting
(14/37), headache (10/37), dyspnea (12/37) and fatigue (11/37) in COVID-19 children (Table 2).

The quality score of the included studies ranged from 7 to 10 (eTable2 from Supplement).

The estimated pooled prevalence of fever in COVID-19 children was 46.17% (95%CI 39.18-
53.33%)(Figure2). The second most prevalent symptom prevalent in COVID-19 children was

cough (40.15%, 95%CI 34.56-46.02%)(Figure3). An estimated 17.19% (95%CI 11.02-25.82%)
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of children did not have any prevalent symptoms and were asymptomatic. These symptoms were
followed by less common symptoms of dyspnea (11.53%, 95% CI 4.85%-24.98%), vomiting
(11.47%, 95%CIl 6.85-18.58%), nasal congestion/rhinorrhea (11.22%,95%CI 8.10-15.34%),
diarrhea (10.33%, 95%CI 8.32-12.76%), sore throat/pharyngeal congestion (10.28%, 95%ClI
6.04-16.96%), headache (7.70%, 95%CI 4.01-14.27%) and fatigue (6.23%, 95%ClI-4.40-

8.76%) (Table 2).

The most prevalent laboratory findingsin COVID-19 children was elevated creatinine kinase
(26.86%, 95%CI16.15-41.19%)(Figured) and neutropenia (25.76%, 95%CI 13.96-
42.58%)(Figureb). These were followed by elevated LDH (23.82%, 95%CI 16.94-32.39),
thrombocytosis (22.38%, 95%CI 10.39-41.76%), lymphocytosis (21.67%, 95%Cl 11.85-
36.28%), neutrophilia (20.43%95%CI-9.25-39.27%), elevated D Dimer (18.24%, 95%CI 10.30-
30.24%), elevated CRP (17.38%, 95%CI 11.24-25.90%), elevated ESR (16.73%,95%CI 5.94-
38.99%), leukocytosis (14.38%.95%Cl 10.73-19.01%), elevated AST (13.32%, 95%Cl 8.85-
19.56%), leukopenia (11.08%, 95%Cl 6.52-18.20%), elevated ALT (10.73%, 95%CI 8.23-

13.88%) and lymphopenia (8.52%, 95%CI 3.94-17.47%) in children with COVID-19. (Table2)

The I? of the studies varied between 0 to 94%. Symptoms and laboratory findings with 1% greater
than 50% and p < 0.05 were interpreted as having significant heterogeneity across studies. There
was not any significant heterogeneity observed between studies for clinical symptoms and
laboratory findings except for fatigue (p=0.29), elevated ALT (p=0.10) and elevated D Dimer

(p=0.27) which was not explained by sample size and sex. (eTable 2 in the supplement)

There was no evidence of publication bias in the reporting of fever as a symptom, based on the

observed funnel plot and Egger's Test for funnel plot asymmetry (efigure20. in the Supplement)
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(Table 2) Similarly, there was no evidence of funnel plot asymmetry for other symptoms and
laboratory findings except for clinical characteristic of diarrhea (p=0.01), vomiting (p=0.0004)
and dyspnea (p=0.01) and laboratory findings of neutrophilia (p=0.001) and Elevated ESR9

(p=0.01) (Table 2).

DISCUSSION

The pandemic caused by the outbreak of COVID-19 has led to a widespread catastrophic effect
on global health. Adults are particularly susceptible to severe symptoms of COVID-19 as
compared to children.(4-5) However, recent studies have shown increased incidence of
Multisystemic Inflammatory Syndrome in Children (MIS-C) with COVID-19 infection. (14)
According to the CDC, as of August 3, 7.3% of al the cases of COVID-19 were among
children.(6) A cross-sectional study showed that 38% of the hospitalized children required
intubation. (15) Therefore, in the current scenario the importance of understanding the

presentation of COVID-19 in children should not be ignored.

This systematic review and meta-analysis summari zes the effect of COVID-19 on the pediatric
population based on the available 24 studies published from January 1, 2020 to July 15, 2020 and
included atotal of 3712 male and female children. The predominant and most common symptom
was fever which was present in 46.17% of the children diagnosed with COVID-19. 40.15% of
children presented with cough, and 11.53% had difficulty breathing including
tachypnea/dyspnea. 17.19% of the children were asymptomatic. Few children also presented
with less common presentations including dyspnea, vomiting, nasal congestion/rhinorrhea,

diarrhea, sore throat/pharyngeal congestion, headache, and fatigue. (Table2)


https://doi.org/10.1101/2020.09.23.20200410
http://creativecommons.org/licenses/by-nd/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.09.23.20200410.this version posted September 25, 2020. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-ND 4.0 International license .

The most common hematological abnormality among children diagnosed with COVID-19 was
elevated creatinine kinase and neutropenia which were both present in more than 25% of the
children. Other common laboratory findings included elevated LDH, thrombocytosis,
lymphocytosis, neutrophilia, elevated D Dimer, Elevated CRP, elevated ESR, leukocytosis,

elevated AST and leukopenia (Table 2).

Diagnosing COVID-19 disease in children is a challenge since most of the children present
asymptomatically or with flu-like symptoms which could occur with other viruses aswell. Why

children are less susceptible to COVID-19 also needs to be addressed.

Many different hypotheses have been proposed regarding the lower susceptibility of children
compared to adults of COVID-19. According to one hypothesis, children are not able to mount
as heightened of an immune response compared to adults, thus incurring less organ damage. This
might be due to immature immune system in children which is drastically changing after birth
and is different as compared to adultsin their function, immunological response, and their
composition. (7, 16) The preliminary analysis conducted by Wong showed that children with

COVID-19 had lower cytokine levels.(17)

Another hypothesis states that high viral loads of SARS-CoV-2 virus are associated with more
severe symptoms of the disease. (18) Therefore, presence of other viruses in the mucosa of lungs
and airways of young children could limit the growth of SARS-CoV-2 by direct virusto virus
interactions and competition leading to milder disease as compared to adults. (7, 18) Children
often get upper respiratory infection from other coronaviruses in the community, which might be

providing protection against SARS-CoV-2.(19)
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It has been observed that COVID-18 is associated with severe illness in adults who have chronic
underlying comorbidities like hypertension, diabetes mellitus and use ACE inhibitor drugsARB
drugs.(20) It is hypothesized that these drugs lead to increased expression of ACE 2 receptors,
since SARS-CoV -2 attacks the ACE-2 receptors, this could lead to increased severity. (20)
However, since children generally do not require these drugs, ACE2 receptor expression may
differ in children, possibly leading them to experience a milder form of COVID-19 disease.(7,
20-22) Smoking is another factor which leads to an increases the risk of severity in adults.(7, 21,

22)

Underlying comorbiditiesin children may serve as arisk factor for severe COVID-19 illness and
hospitalization requiring respiratory support i.e., tracheostomy.(15) The most common
underlying comorbidities are congenital conditions, chronic pulmonary diseases,
immunosuppression due to cancer, chemotherapy, obesity, hematopoietic cell or solid organ

transplant and high doses of glucocorticoids.(15)

A strength of our study is that a comprehensive search strategy was followed with strict inclusion
criteria. However, our study also has several limitations. The majority of the included studies
were conducted in China and some studies did not report laboratory findings. Some of the studies
also had small sample sizes. We found evidence of publication biasfor several of the outcomes.
These outcomes tended to have alower estimated pooled prevalence, and it is possible that some
studies did not collect or report data on symptoms they perceived asrare. COVID-19is
characterized by awide variety of symptoms and our understanding of this has evolved
considerably over time. It has taken longer to detect less common symptoms such as
gastrointestinal issues like vomiting and diarrhea. Studies with a higher proportion of

asymptomatic individuals may have also collected data on fewer symptoms. However, we did
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not find evidence of publication bias in the mgority of symptoms and laboratory findings

included in this study.

More research studies need to be conducted to determine the possible mechanism of the mild
form of COVID-19 disease in children. Further studies also need to be conducted to determine

the rate of transmission by COVID-19 children especially asymptomatic children.

CONCLUSION

Children with COVID-19 present with a varied range of symptoms. The predominant symptoms
in children are fever and cough followed by dyspnea, vomiting, nasal congestion/rhinorrhea,
diarrhea, sore throat/pharyngeal congestion, headache, and fatigue. Many children also present
asymptomatically. The most common hematological abnormality among children diagnosed with
COVID-19 was e evated creatinine kinase and neutropenia which was present in more than 25%
of the children. Other common laboratory findings included elevated LDH, thrombocytosis,
lymphocytosis, neutrophilia, elevated D Dimer, Elevated CRP, elevated ESR, leukocytosis,

elevated AST, and leukopenia. There was alow prevalence of elevated ALT and lymphopenia.

Recently, we have seen some COVID-19 positive children experiencing critical illness such as
Multisystem inflammatory syndromein children (M1S-C). As COVID-19 isanew disease and
we still lack information about its long-term effects, further studies are needed to understand the

complete picture of the COVID-19 in children.
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Figure 1. PRISMA flow diagram
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Fen™ g mptoms Noof  Noof QTest 12" Pooled prevalence Eggerr\ Test
Cai studies patients (p value) (%) (p value)
Wal (95%Cl)
QiLI A €l di(£0) RCS O 201 ZUZ0 CITTIa S0 0.5 S0. 1L J
Zhu L et al(27) RCS 4/8/2020 China 10 9.1 50 9
Zheng et a(28) RCS 3/24/2020 China 25 3 44 7
Du et al(29) RCS 4/16/2020 China 14 6.2 57.1 9
Sun et al(30) RCS 3/19/2020 China 8 6.6 25 10
Su et al(31) RCS 3/25/2020 China 9 4.3 66.6 9
Tan et a(32) RCS 4/10/2020 China 10 7.4 70 7
Shen et al(33) RCS 4/7/2020 China 9 75 66.6 9
Xu et al(34) RCS 3/13/2020 China 10 75 40 9
Li et al(35) RCS 3/11/2020 China 5 29 20 9
Xiaet a(36) RCS 3/5/2020 China 20 2.15 35 9
Han et al(37) RCS 4/6/2020 China 7 13 42.9 9
Maet al(38) RCS 2/10/2020 China 22 4 455 8
Liu et al(18) RCS 4/2/2020 China 6 35 66.6 8
Ke et al(39) RCS 5/12/2020 . 25 11 44 8
Garazzinio et _ 8
al(40) Cross sectional 5/7/2020 Italy 168 5 44.1
Lu et al(41) RCS 4/28/2020 . 9 7.8 444 9
Zhou et a(42) RCS 2/27/2020 China 9 - 44.4 9
Tan et al(43) RCS 3/30/2020 China 13 8.1 69.2 9
Lu et a(44) RCS 4/23/2020 China 171 6.7 39.2 8
Tang et a(45) RCS 3/10/2020 China 26 6.9 65 10
Maet al(46) RCS 4/22/2014 China 115 - 36.5 9
Wau et al(47) RCS 3/26/2020 China 74 6 40.54 9
Yu et al(48) RCS 3/18/2020 China 82 - 37.8 8
Dong et a(5) RCS 20-Jun China 2143 7 55.6 10
Xu et al(49) RCS 4/24/2020 China 32 9 47 8
CDC(50) RCS 4/10/2020 USA 291 11 43% 9
Tagarro et al(51) RCS 4/8/2020 Spain 41 1 56 10
Li et al(52) RCS 5/15/2020 China 22 8 45.4 8
Li et al(53) RCS 4/20/2020 China 40 5.09 425 8
Maet a(54) RCS 5/6/2020 China 50 25 44 9

_ Retrospective 10
Parri et a(55) Cohort study 7/9/2020 Italy 100 33 43
Song et al(56) RCS 20-Jun China 16 8.5%* 375 8

Retrospective _ 9

Zhang et a(57) Cohort study 5/7/2020 China 46 8.7 37
*RCS=Retrospective case series
**Median

Tablel- Characteristics of included studies
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Fever 36 1577 <0.0001 825 46.17(39.18-53.33) 0.26
Cough 36 1577 <0.001 75 40.15(34.56-46.02) 0.93
Asymptomatic 34 3348 <.001 92 17.19(11.02-25.82) 0.36
Diarrhea 19 1142 0.02 15 10.33(8.32-12.76) 0.01
Headache 10 612 <0.001 68 7.70(4.01-14.27) 0.87
Sore 17 1054 <.001 86 10.28(6.04-16.96) 0.44
Throat/Pharyngeal

congestion

Nasal 21 1190 <0.001 65 11.22(8.10-15.34) 0.36
congestion/r hinorrhea

Dyspnea 12 1004 <.001 94 11.53(4.85-24.98) 0.01
Fatigue 11 722 0.29 22 6.23(4.40-8.76) 0.15
Vomiting 14 912 <0.001 76 11.47(6.85-18.58) 0.0004
Laboratory

Leukocytosis 22 550 0.05 29 14.38(10.73-19.01) 0.81
L eukopenia 24 601 <0.001 74 11.08(6.52-18.20) 0.51
Lymphopenia 20 669 <.001 85 8.52(3.94-17.47) 0.54
Lymphocytosis 17 396 <.001 83 21.67(11.85-36.28) 0.49
Neutropenia 8 150 <.001 62 25.76(13.96-42.58) 0.49
Neutrophilia 6 130 0.01 50 20.43(9.25-39.27) 0.001
Thrombocytosis 8 197 <0.001 79 22.38(10.39-41.76) 0.58
Elevated CRP 18 566 <0.001 72 17.38(11.24-25.90) 0.70
Elevated Creatinine 9 302 <.001 76 26.86(16.15-41.19) 0.65
Kinase

Elevated ALT 15 466 0.10 0 10.73(8.23-13.88) 0.36
Elevated AST 13 367 0.02 41 13.32(8.85-19.56) 0.16
Elevated ESR 6 162 <.001 80 16.73(5.94-38.99) 0.01
Elevated LDH 10 308 0.04 45 23.82(16.94-32.39) 0.30
Elevated D Dimer 6 85 0.27 22 18.24(10.30-30.24) 0.06

Table 2 Pooled prevalence of clinical characteristic and laboratory findingsin COVID-19
children using random effects meta-analysis
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Figure2- Prevalence of fever in COVID-19 positive children
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Figure3- Prevalence of cough in COVID-19 positive children
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Figure 4-Prevalence of elevated creatinine kinasein COVID-19 positive children
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Figure 5- Prevalence of elevated neutropeniain COVID-19 positive children
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